There is a well-established tradition in the history of epidemiology that, after a promising start with the foundation of the London Epidemiological Society in 1850 and the work of John Snow and William Budd, the discipline suffered an eclipse with the coming of bacteriology. "Beginning in 1870 and until 1910", wrote David Lilienfeld in 1979, "the Bacteriological Era overshadowed epidemiology. During these 40 years epidemiology hibernated ... 9".1 It is a view which still holds good, and which is taken from the standpoint of the development of concepts and methods in the discipline, and depends on the tradition that with the discovery of bacteria epidemiology vanished in the pursuit of the specific agents of disease.2 Both these criteria are flawed: the first represents an overly theoretical approach to the discipline which ignores the reality of a long and honourable practice of field epidemiology between 1870 and 1914; the second has complex historical roots, which bear little relation, in England and Wales at least, to the continuing vitality of epidemiological investigation in this period.3 By the last decade of the century, indeed, practitioners of epidemiology had begun to perceive bacteriology as a threat to their own discipline and, by extension, to preventive medicine. This particular disciplinary anxiety can be detected between 1894 and 1906, between Emil Roux's announcement of the anti-toxin therapy for diphtheria in the summer of 1894, and Klinger's demonstration of the existence of the healthy typhoid carrier in 1906.
continued to regard its utility in the years to 1900.7 The failure of bacteriology to deliver a "simple and readily discoverable signature of deadly water",8 inevitably coloured these specialists' attitude towards other applications of bacteriology in their field and reenforced their sense of the value of the established, broadly environmental approach. On the other hand, anti-toxin therapy had an undeniable impact, and presented an unmistakable indication of the promise of bacteriology for the future. British epidemiologists trod their way through the 1890s in doubt as to the practical uses of bacteriological techniques yet in alarm at the apparently increasing tendency to reduce the problems of infectious disease to the simple detection of causal bacteria by bacteriological means; and increasingly too, they began to explore the possibilities of a bacteriological approach to the problems of field epidemiology. It was less an overshadowing of epidemiology by bacteriology than the gradual emergence of a new-if short-livedepidemiological method.
The relationship between epidemiology and bacteriology, and the emergence of the new epidemiology can best be explored through the work of the Medical Department of the Local Government Board, which, as Hamlin noted, had been deeply sceptical of the relevance of bacteriology for epidemiology into the early 1890s. The department was one of only two professional strongholds of epidemiology in Victorian England (professional in the sense that its staff were employed to engage in epidemiological investigations), the other being the General Register Office (GRO), where the successive Statistical Superintendents, William Farr, William Ogle, John Tatham and T H C Stevenson, utilized the ample statistical materials generated by the registration system.9 Outside these two departments, most of those engaged in the study of epidemic diseases in the later nineteenth century were essentially amateurs, whose real professional work lay elsewhere. Medical officers of health, army and naval medical officers, and general practitioners, for example, bulked large among those who contributed to the activities of the Epidemiological Society after its foundation in 1850. As a recognized academic discipline, epidemiology became established only after the First World War. 10 The Medical Department was created out of the old Chadwickian Board of Health in 1858, initially reporting to the Privy Council, but after 1871 to the Local Government Board (LGB)."1 Between 1858 and 1872, John Simon, as Medical Officer, established the three principal areas of inquiry within the Department's remit: first, the progress and prospects of pandemics of disease such as cholera, influenza and rinderpest; secondly, the investigation of local epidemic outbreaks which might contribute to the sum of knowledge of the diseases involved; and thirdly, after 1865, the generally named but specific in character "auxiliary scientific investigations", which took place in the laboratory. The character of these scientific investigations was determined by the Medical Officer, although the allocation of the work was done by Emanuel Klein (1844 -1925 , the Viennese-trained histologist who pioneered bacteriology in Britain.12 This tripartite pattern of interest was continued in the Department for many years after Simon's departure. In the 1870s and 1880s, the three types of investigation ran very much in parallel, but in the 1890s the pressures of modernizing science forged new links between them. 12 See 'Edward Emanuel Klein', Br med. J., 1925, i: 388. As suggested here, this was contract science: Klein "allotted particular pieces of investigation commissioned by the Local Government Board" to his co-workers and pupils, for "practical distribution of the annual research grant by the Board was usually left to him". were also the standard methods employed by those who continued to study the behaviour of the infectious diseases, among whom were the medical inspectors of the Local Government Board.
The work of the Medical Department in the 1890s continued very much in the established tradition, but achieved a sharper focus. On the international front, three infections were of over-riding concern: influenza between 1890 and 1892; cholera between 1892 and 1898; and plague between 1898 and 1900. On the domestic front, the central concern of the Department in this decade was typhoid, or enteric fever, as it was often known. Of the thirty-five reports relating to endemic infections which were published by the Department in this period, eighteen, or just over half, were devoted to typhoid.'5 Next in line was diphtheria, with a total of six published reports.'6 At the same time, the auxiliary scientific investigations, which had previously dealt with a range of interests, from the tuberculosis and anthrax bacilli and the habits of streptococci to the composition and effectiveness of disinfectants, became much more tightly focused on the etiology of typhoid and on the behaviour of the typhoid bacillus and associated microorganisms in the natural environment. terrible sanitary conditions; increasingly, it manifested itself as a relatively isolated and apparently random departure from normally healthy conditions. Even in the north-east, the actual number of typhoid deaths remained small. Nevertheless, the fact that the disease, like cholera, was water-borne, and that it could still, despite the proud achievements of England's public health service, produce notable outbreaks, indicated that the country was still highly vulnerable to epidemic cholera should it break through the cordon of the port sanitary authorities. The epidemic at Stockton, Darlington and Middlesborough had occurred in two waves over a period of some five months between September 1890 and February 1891, and it featured in the Medical Department's report for 1891 in 1880; in 1884, Georg Gaffky had succeeded in culturing it; and it was later isolated from the stools of typhoid victims. Although these achievements were followed by failure to induce the disease experimentally in animals (the typhoid bacillus seems to be adapted to human beings alone), the bacillus had, by the 1 890s, come to be regarded as "in all probability" the essential cause of typhoid. Anne Hardy Bacteriology was thus not a resource of first call to the LGB's epidemiologists in the study of typhoid outbreaks. They relied on knowledge accumulated through clinical observation and investigation of the behaviour of the disease in discrete outbreaks. They knew that the disease was transmitted by the faecal-oral route, and that it could be communicated in polluted food, milk and water; they still considered there to be a possibility that it was communicated by foul air escaping from drains and sewers, or from accumulated filth. They knew that the incubation period was commonly 14 to 21 days and might be longer, and that infected individuals carried the infection about with them and distributed it in their stools. They knew that the clinical manifestations of the disease were various-some individuals were prostrated, others only slightly affected.25 Although the concept of the healthy carrier was not established until 1906, knowledge of the dangers of infection presented by very mild, or "ambulant", cases to some extent made up for this. They also recognized the marked seasonal incidence of typhoid, which reached a peak of fatality in August and September, and declined rapidly as autumn advanced and cooler weather set in.26
The pattern of all the Medical Department's typhoid investigations thus followed a fairly standard formula. A careful chronological and spatial analysis of attacks and deaths from the disease was followed by an Department's acknowledged statistical wizard and "head of intelligence", was thereafter deputed to the study of the cholera pandemic, which then absorbed his energies in the years up to his untimely death in 1897.
Typhoid in Teesdale, 1890-1 Barry's Teesdale inquiry set the pattern for those that followed, however, and well illustrates the style in which these investigations were conducted. Although Barry's attention had been directed to the registration districts of Darlington, Stockton As Barry proceeded with his investigations, it became clear that the foreshore was a new phenomenon at Barnard Castle. A weir had formerly stood across the river at the lower end of the town, and above this the river bed had always been covered by water, so that sewer and privy discharges were immediately carried away by the river. But during the winter of 1888 a flood had breached the weir, which was then gradually swept away until, when Barry visited it, only a few stones remained. Following the disappearance of the weir, the foreshore appeared, and it was only at time of flood that it was relieved of its insanitary burden. As Barry concluded firmly, There can be no doubt at all that a vast amount of excremental filth from one and another source is being continually poured into the river Tees; or that the amount of polluting matter so carried down is enormously increased during periods of heavy rainfall, when the river is in flood. The Barnard Castle rainfall records revealed that the river had been seriously flooded on 13 August and again on 1 December 1890. If allowance was made for the incubation period of typhoid (which in water-borne outbreaks is typically between 14 and 30 days), 30 Ibid., Tables xxvii, xxviii, pp. 355-7. 31 Ibid., p. 423.
Epidemiology and Bacteriology at the Local Government Board then these floods exactly paralleled the outbreak of the disease in all the districts supplied with Tees water on 7 September and 28 December respectively.32
Typhoid in the English Provinces Barry's account of typhoid in Teesdale revealed several features of local typhoid ecology which reappeared in subsequent investigations. One was the regular gross pollution of local water sources, whether rivers or gathering grounds, with faecal matter; another was the insularity of local communities, who considered their own sanitary convenience without thought to the consequences for others. Meteorological conditionsthat is, heavy rainfall-were often instrumental in precipitating epidemic outbreaks which had been "waiting to happen"; while the alteration of some local feature (like the weir at Barnard Castle) could have significant consequences for the local typhoid ecology. Of the eighteen typhoid investigations published in the 1890s, all but four directly implicated local water sources. Of these, polluted rivers and gathering grounds were responsible in ten instances; and a polluted well in one other. In two cases supplies were infected by accidental environmental circumstances-the raising of a dam at Wycombe Marsh, and the sinking of a new deep well-shaft through polluted subsoil at Worthing.33 In two of the four cases where water was not directly implicated, it played an indirect part-at Chichester, and in the contamination of oyster-beds in Essex and Suffolk.34 At High Wycombe and the Manchester satellite towns of Swinton and Pendlebury, a great many unwholesome conditions were found, but none to which specific blame could be attached. 35 These different investigations threw up many various pieces of information which gave both epidemiologists and public health officials pause for thought. Over most of the north and east of England, for example, the practice of selling "town manure" to farmers was widespread, and had become more so with the agricultural depression of the 1880s, since nightsoil was cheaper than artificial fertilisers. Chichester, a market and cathedral town, situated on a low-lying plateau between the South Downs and the sea in Sussex, was a notable exception to that county's otherwise admirable typhoid record. From the 1860s at least, the disease had been constantly present in the city, and at times it escalated into epidemics. The Registrar-General's records for the 1870s and 1880s showed that its death-rates from typhoid and continued fever exceeded those of any other district in Sussex in those two decades; indeed in the period 1881-90, only sixteen registration districts in England and Wales had suffered more typhoid than Chichester.47 In sanitary terms, the town was in the process of modernization but, for all that, neither Bulstrode nor Thomson could satisfactorily account for its typhoid history, except in terms of gross pollution of the soil on which the city was built. A sewage system had recently been constructed, but privy cesspits and cesspools still abounded to the extent that Bulstrode remarked, "the whole of the gravel upon which Chichester is built is riddled with them".48 Water was supplied partly from deep wells by the local water company, and partly by numerous private shallow wells scattered throughout the city.
Neither wells, cesspits nor cesspools were water-tight, and were often close neighbours.49
Bulstrode's initial conclusion was that the soil and subsoil of the city must be thoroughly polluted, and that until the cesspits and pools had been done away with, and their sites fully cleansed, there was no hope of eradicating typhoid.50
Meanwhile, some of the city's residents despaired. In 1897 they petitioned the Mayor to obtain an independent inquiry by "an experienced engineer" and a medical officer. In 1898 they petitioned again, this time directly to the LGB, calling urgently for an inquiry. "Not", they noted, "a formal inquiry, costing money and stirring up strife, but a walking [sic] inquiry by scientific experts accessible to all and anxious only to arrive at the 44 sanitary front since 1896, but they could still establish no specific source of typhoid. They noted with interest the changing distribution of the disease in the city since 1870-between 1870 and 1884 all areas had suffered much the same, but since 1884 four areas outside the old city walls had borne the brunt of visitations-but could make no sense of it. Like Bulstrode, they felt that soil pollution offered a possible explanation, but they had to admit that it did not explain the distribution of the disease either by time or place within the city.52 Indeed, the limitations of the type of inquiry they had conducted were clear to them. What was needed, they observed, was a careful comparison between local conditions in typhoid endemic areas and conditions in places that suffered little from the disease. Significantly, they added a rider: "Such investigations would need to be supplemented by skilled research on the part of the statistician, the geologist, the chemist, and the bacteriologist, and would entail prolonged and arduous labour in all their aspects".53 While all these experts except the bacteriologists had, of course, been involved in public health since the mid-century, the emphasis on "skilled research" and "long and arduous labour" suggested a newly serious approach with broader dimensions than had been the case in the past. Epidemiological inquiry by doctors and engineers, they now recognized, could no longer be accepted as the best available service. The skills of the trained observer must be supplemented systematically from other relevant disciplines if the conundrum of typhoid was to be resolved.
Science at the Local Government Board This awareness of the need for the greater integration of epidemiology with other scientific disciplines was reflected in the direction taken by the auxiliary scientific investigations in the 1890s. Here the sense of a new relationship between the two types of inquiry surfaced somewhat earlier. From mid-1892 onwards, as Buchanan's successor Thorne Thorne and the Department began to take in the implications of the inquiries at Teesdale, Rotherham and King's Lynn, the attention of the scientific division began to turn to the typhoid bacillus and associated micro-organisms. The annual report for 1892-93 contained two reports, one by Emanuel Klein on the etiology of typhoid, the other by Edmund Cautley into the micro-organisms to be found in the small intestine.54 These reports were significant for the epidemiologists, because they turned on the disputed question of whether the typhoid bacillus was the true cause of typhoid, and whether it was Klein was able, by careful experiment, to establish that although the two bacilli had certain points in common they also exhibited well defined differences both morphologically and in culture, to a degree that justified their classification as separate species. B. coli was "shorter, less actively mobile", produced gas bubbles in shake culture, curdled milk, and gave the Indol-reaction. The typhoid bacillus, on the other hand, was longer and more active, it did not form gas bubbles in shake culture, or curdle milk, or give the Indol-reaction.56 Furthermore, close observation by Klein of fifteen typical typhoid cases in the wards of St Bartholomew's Hospital (where he was director of the bacteriological department) showed that while large numbers of typhoid bacilli were to be found in the mesenteric glands and spleen during the second and third weeks of illness, and in tissues in pure culture, no B. coli were present in those organs.57"There is then the strongest presumption short of actual proof', stated Klein, "that this particular organism called the typhoid bacillus, which differs essentially from the bacillus coli, stands in an intimate relation to the disease enteric fever".58 Cautley, similarly, reached the conclusion that the two bacilli were not identical, nor could one be developed from the other by artificial culture.59
These researches were important for the epidemiologists partly because they confirmed the plausibility of bacteriological assessment of water quality, and partly because they paved the way for further laboratory research into the behaviour of the typhoid bacillus in various natural media-in water, sewage, soil and foodstuffs-and so promised a better understanding of the often erratic behaviour of typhoid in the natural environment. These researches were not unproblematic, however, and at times threatened to overturn accepted epidemiological values, as well as to increase the sum of knowledge. In 1894, for example, Frederick Andrewes, a notable pathologist who had worked with Klein for some years on pyogenic bacteria, began to work on the behaviour of the typhoid bacillus and B. coli in sewage.60 He found that when kept in "ordinary fluid sewage", the bacteria did not increase but actually diminished in numbers and eventually died out. These findings were corroborated by the work of J Parry Lawes; and Lawes and Andrewes then submitted their findings as reports to the London County Council.61 The findings seemed significant, for they appeared to indicate that the danger of contracting typhoid from sewage polluted water, axiomatic among epidemiologists since the days of William Budd, was at least questionable.
On a wider canvas, the significance of these findings was diminished by the enormous range of results on the survivability of typhoid bacteria in different media recorded by different researchers, but this action may have led to a breach between Klein and Andrewes, for the latter did not publish further reports for the LGB in the 1890s. Klein although he confirmed the observation personally, had little trouble in disposing of its supposed significance. "It has to be borne in mind", he observed, "that the vitality of the typhoid bacillus in sewage may not be parallel to its vitality in sewage plus water of one sort or another".62 He proceeded to add nitrates to his experimental sewage, "as representing for experimental purposes salts to be found alike in sewage polluted drinking water and in soil through which sewage matters percolate", and discovered by careful measurement that typhoid bacilli showed "incomparably greater" vitality in "nitrate sewage" than in "pure sewage". In the former they distinctly increased in numbers, in the latter they decreased. For good measure Klein also checked the behaviour of the cholera bacillus in similar circumstances and found that it rather preferred pure sewage to nitrate sewage. 63 Having Thus far, the work of Klein and his collaborators had essentially been directed to elucidating the scientific reality behind epidemiological phenomena already established by observation in previous decades. Increasingly, however, from the mid-1890s, the laboratory investigations focused on the current problems being experienced by the field epidemiologists. In particular, the behaviour of the typhoid bacillus in soil-a question with clear relevance to the agricultural use of nightsoil in the North, and to the problems of cities like Chichester-became an important activity. Between 1895 and 1900, the pathologist Sidney Martin, a specialist in the physiology and pathology of digestion,66 produced a series of reports on this subject, while Alexander Houston, who was to become, in Walter Fletcher's words, a "big biological engineer"67 applied some of his energies to the bacteriological and chemical examination of soils, with special reference to the amount and nature of organic matter and the number and character of bacteria contained in soil "washings"-the thin layers of topsoil removed by natural drainage processes during heavy rainfall.68 In 1899, Houston performed a chemical and biological analysis of soils from the so-called "fever" and "non-fever" areas of Chichester: an investigation which proved thoroughly inconclusive in that no discernable difference between the two could be found.69 Yet again, bacteriology had failed to provide the answer to a specific epidemiological problem.
By the turn of the century, however, the auxiliary scientific investigations were beginning to suggest that soil pollution was not as serious an element in typhoid endemicity as the field epidemiologists had tentatively concluded. In 1900, Sidney Martin ended his series of reports with an investigation into the "nature of the antagonism of the soil to typhoid bacilli", in which he deduced that the bacillus commonly had only a short life in soil and was destroyed by the products of the putrefactive bacteria which exist in most cultivated soils.70 A year later, Houston, who had been experimentally treating soil with sewage, reached much the same conclusion, although he warned that, "extreme caution must be exercised in distinguishing between the surface and deeper layers of soil and between the relative and the actual death of bacteria".7' The laboratory scientists' failure to confirm the field observers' theory of last resort on typhoid endemicity suggests again the delicate balance of expertise within the Medical Department. Bacteriology could not confirm epidemiological theory, but neither would it conclusively deny it-and there was no comfort in theories which were open to such tentative assessments. As the case of typhoid showed, epidemiological theory was henceforth to be qualified by the laboratory's assessment of scientific plausibility. The field epidemiologists were themselves aware of this, as Theodore Thomson's call for interdisciplinary studies of endemic typhoid showed.72
At a deeper level, however, the realization of the need for co-operation between epidemiology and bacteriology masked a growing uneasiness among the epidemiologists. Already in 1895, in the context of a parallel series of investigations into the relationship between typhoid incidence and oyster consumption, Thorne In other words, the specifically epidemiological perspective must not be abandoned. Observation-"the accumulation of observed facts as to the conditions under which epidemic and preventable diseases occurred"-had, he declared, provided the evidence which had shaped the progress of preventive medicine in the past and on such evidence "our future measures of prevention must necessarily be based".74
The challenge from the bacteriologists was not overt, but some bacteriologists at least clearly perceived a significant shift in balance between the two disciplines. Alexander Houston, seven years younger than Percy Frankland, was to become Britain's foremost expert on water purification. After Houston was speaking of water supplies and water-borne disease, but, given the rate at which the causal organisms of all kinds of diseases were being identified in the 1890s, it needed no leap of the imagination to extend the claims of laboratory science on the practice of epidemiology almost indefinitely. Indeed, it seems that certain interest groups also had begun to perceive in bacteriology a useful counter-balance to epidemiology. or chemical, would undo the fact that the oysters were laid down within a few yards of the main sewer. Moreover a positive result would in either case be superfluous." And, he added: "This attitude I adopted because I considered that if this outbreak of enteric fever had been caused by the ... oysters, the science of epidemiology should be competent to demonstrate the fact".77
Conclusion
The publications of the Medical Department of the Local Government Board in the closing years of the nineteenth century provide a notable picture of the methods of Victorian epidemiology, of its limitations and of the opportunities these offered to bacteriology to enter into a new working partnership with the field observers, in attempting to resolve problems and in testing the probabilities of epidemiological theory. Thirty years after John Simon had first envisaged the Medical Department contributing to the establishment of new principles for the prevention of disease through abstract scientific research,78 a closer, if uneasy, relationship between science and prevention was becoming established. The epidemiologists might doubt the utility of bacteriology in respect of water supplies, but they often accepted the need for chemical and bacteriological tests in their investigations. The development of this relationship was, however, already coloured by a growing competition between the two disciplines, in which the practitioners of traditional epidemiology explicitly resisted the encroachment of bacteriology on their established professional authority. This direct competition was to be relatively brief: after 1905 the challenge to traditional English epidemiology was broadened and diversified both by the discovery of healthy human carriers, which reinforced the authority of bacteriology, and by the entry into epidemiological territory of several advocates of new and more sophisticated statistical methods.79
The wider context of this disciplinary conflict between epidemiology and bacteriology merits some attention. There are preventive ironies in the continuing water-borne typhoid outbreaks, despite water supplies which had apparently met currently accepted standards, and in the growing suspicion that Edwin Chadwick's greatest dream, of efficiently and economically re-cycling human sewage as farming manure,80 had proved the vehicle for spreading typhoid fever. Yet the Medical Department's reports reveal not only the changing ideologies of public health and preventive medicine, but also the continuities of epidemiological concern in the period up 
